EZH2 is an important enzymatic subunit of the epigenetic regulator polycomb repressive complex 2 (PRC2), which controls gene silencing through post-translational modification, and is overexpressed in various carcinomas and hematopoietic neoplasms. We found that the majority of cases of histiocytic and dendritic cell neoplasms, including histiocytic sarcoma, follicular dendritic cell sarcoma, Langerhans cell histiocytosis, and interdigitating dendritic cell sarcoma, show strong EZH2 expression by immunohistochemical staining, in contrast to benign histiocytic lesions and normal cellular counterparts, which did not show EZH2 expression, suggesting that this molecule may function as an oncogenic protein in these neoplasms. We correlated EZH2 expression with that of p-ERK1/2, MYC, and p-STAT3, potential regulators of EZH2, and found that 60-80% of these cases showed strong p-ERK1/2 expression, and only a minority of cases showed positivity for MYC or p-STAT3 in neoplastic cells. In cases of follicular dendritic cell sarcoma, Langerhans cell histiocytosis, histiocytic sarcoma, and interdigitating dendritic cell sarcoma with strong EZH2 expression, 90%, 89%, 70%, and 100% of cases showed co-expression of p-ERK1/2 with EZH2, respectively, while only a small percentage of these cases showed MYC or p-STAT3 co-expression with EZH2 (≤30%). These findings suggest that the p-ERK1/2 signaling cascade, but not the p-STAT3 and MYC signaling cascades, may regulate EZH2 expression in histiocytic and dendritic cell neoplasms, and that EZH2 and the p-ERK1/2 signaling cascade could serve as therapeutic targets for the treatment of these neoplasms. Interestingly, only a minority of cases of blastic plasmacytoid dendritic cell neoplasm exhibited high EZH2 expression, and only a minority of these cases showed p-ERK1/2 co-expression, suggesting that alternative mechanisms may contribute to tumorigenesis in this aggressive neoplasm. Modern Pathology (2018) 31, 553-561; doi:10. 1038/modpathol.2017 published 12 January 2018 EZH2 is an enzymatic subunit of the polycomb repressive complex 2 (PRC2), an important epigenetic regulator. EZH2 functions as a methytransferase that targets the lysine 27 of histone H3, leading to trimethylation (H3K27me3), a mechanism of posttranslational modification that leads to transcriptional repression of PRC2 target genes. 1 EZH2, which is expressed in stem cells and proliferating cells and downregulated in differentiated cells, is overexpressed in a wide range of non-hematopoietic and hematopoietic neoplasms, and its overexpression is associated with tumor cell proliferation, metastasis, and poor prognosis. Neoplasms with increased EZH2 expression include a range of carcinomas, including breast, non-small cell lung, prostate, hepatocellular, ovarian, colorectal, renal and endometrial carcinomas, glioblastoma multiforme, other solid tumors, as well as hematopoietic neoplasms, including aggressive B-cell lymphomas, plasma cell neoplasms, myeloid neoplasms, including acute myeloid leukemia, and a range of T-cell lymphomas. [2] [3] [4] [5] EZH2 overexpression in various neoplasms has been shown to be due to various mechanisms, including intracytoplasmic oncogenic signaling molecules, transcription factors, gene amplification, gain of function mutations, and other mechanisms reviewed in reference. 6 For example, in a subset of
EZH2 is an enzymatic subunit of the polycomb repressive complex 2 (PRC2), an important epigenetic regulator. EZH2 functions as a methytransferase that targets the lysine 27 of histone H3, leading to trimethylation (H3K27me3), a mechanism of posttranslational modification that leads to transcriptional repression of PRC2 target genes. 1 EZH2, which is expressed in stem cells and proliferating cells and downregulated in differentiated cells, is overexpressed in a wide range of non-hematopoietic and hematopoietic neoplasms, and its overexpression is associated with tumor cell proliferation, metastasis, and poor prognosis. Neoplasms with increased EZH2 expression include a range of carcinomas, including breast, non-small cell lung, prostate, hepatocellular, ovarian, colorectal, renal and endometrial carcinomas, glioblastoma multiforme, other solid tumors, as well as hematopoietic neoplasms, including aggressive B-cell lymphomas, plasma cell neoplasms, myeloid neoplasms, including acute myeloid leukemia, and a range of T-cell lymphomas. [2] [3] [4] [5] EZH2 overexpression in various neoplasms has been shown to be due to various mechanisms, including intracytoplasmic oncogenic signaling molecules, transcription factors, gene amplification, gain of function mutations, and other mechanisms reviewed in reference. 6 For example, in a subset of follicular lymphomas and diffuse large B-cell lymphomas of germinal center B-cell type, a change of amino acid tyrosine 641 (Y641) has been identified as a recurrent somatic mutation in the EZH2 gene, leading to increased enzymatic activity. 7 The oncogenic role of the Y641 mutation was further confirmed in an engineered mouse model in which conditional expression of mutant EZH2 in germinal center B cells induced germinal center hyperplasia and promoted lymphomagenesis in cooperation with BCL2 overexpression. 8 In addition to the Y641 mutation, A687V and A677G mutations have been identified as gain of function mutations of EZH2 in B-cell lymphomas. 9, 10 Small-molecule inhibitors of EZH2, which selectively block EZH2 methyltransferase activity and reduce global H3K27 methylation, have been shown to block tumor cell proliferation and induce cell cycle arrest and apoptosis in B-cell lymphomas. 11, 12 Another mechanism by which EZH2 promotes oncogenesis is through loss of its tumor suppressor function. Frequent homozygous and heterozygous EZH2 deletions or inactivating mutations have been found in myeloid malignancies, including myelodysplastic syndromes, myeloproliferative neoplasms, and myelodysplastic/myeloproliferative neoplasms, such as chronic myelomonocytic leukemia, [13] [14] [15] [16] and are predictive of poor survival. 17, 18 In addition, inactivation of the EZH2 gene through loss of function mutations and gene deletions leading to inactivation of the PRC2 complex were found in a significant number of cases of T-cell acute lymphoblastic leukemia, suggesting that loss rather than overexpression of EZH2 may also contribute to tumorigenesis in this T-cell neoplasm. 19 A third mechanism by which EZH2 promotes oncogenesis is by switching to a transcriptional activator independent of its methytransferase activity, a noncanonical function of EZH2 reported in NK/T-cell lymphoma as a result of JAK3 phosphorylation of EZH2 at Y244. 20, 21 EZH2 action as a transcriptional activator able to stimulate cell growth may also occur in carcinomas of breast, colon, and other organs. 22, 23 Previously, we found that EZH2 is overexpressed in T-cell lymphomas, and that this overexpression is associated with aggressive behavior and higher proliferation rates. 4 In a wide range of low-and high-grade B-cell lymphoproliferative disorders, EZH2 expression correlates with aggressive behavior and proliferation rate, suggesting that EZH2 may function as an oncogenic protein in these neoplasms as well. 5 There is evidence for regulation of EZH2 by different signaling cascades in different types of aggressive B-cell lymphomas: p-ERK-related signaling in diffuse large B-cell lymphoma, and MYCrelated signaling in Burkitt lymphoma and double hit lymphoma. 5 Because of the complicated role of EZH2 in the development of non-hematologic as well as hematologic malignancies, here we investigated the expression of EZH2 in different types of histiocytic and dendritic cell neoplasms. We further investigated the expression of different intracellular signaling molecules, including p-ERK1/2, MYC, and p-STAT3, as potential regulators of EZH2 expression in these neoplasms.
Materials and methods

Case Selection
Histiocytic and dendritic cell neoplasm cases were obtained from the files of the Department of Pathology, Brigham and Women's Hospital, Boston, MA, from 1990 to 2015, with the institutional internal review board's approval. Sixty-five cases of histiocytic and dendritic cell neoplasms were collected in the study, including 12 cases of blastic plasmacytoid dendritic cell neoplasm, 17 cases of histiocytic sarcoma, 15 cases of follicular dendritic cell sarcoma, 16 cases of Langerhans cell histiocytosis, and 5 cases of interdigitating dendritic cell sarcoma (Table 1 ). Nine cases of benign histiocytic diseases, including six cases of sinus histiocytosis with massive lymphadenopathy and three cases of juvenile xanthogranuloma, were also included in the study. The pathologic diagnoses were established according to the criteria of the 2008 World Health Organization (WHO) classification and 2016 revision of the WHO classification, based on morphologic, immunohistochemistry, cytogenetics, and molecular findings. 24 Diagnostic slides from all cases were reviewed and agreed upon by more than two pathologists in the department.
Immunohistochemistry
Immunostaining for EZH2 (Cell Signaling 5246), pSTAT (Cell Signaling 9145), and MYC (Abcam ab32072) were performed on the Leica Bond automated stainer, using the Bond Polymer Refine Detection kit (cat #DS9800), as previously described. 5 Heat-induced epitope retrieval was completed using Bond Epitope Retrieval Solution 2 (cat #AR9640), which is an EDTA based pH 9.0 solution, for 20 min at 100°C. Primary antibodies were Staining was visualized with a DAB chromogen for 10 min, and counterstained with hematoxylin. The slides were then removed from the autostainer, rinsed in running tap water, dehydrated through alcohols and xylene, and coverslipped. The cases were scored for the percentage of positive tumor cells (0-100%) and for staining intensity (0-3) by two hematopathologists (X.T. and D.M.D.). EZH2 staining was considered to be overexpressed if ≥ 60% of the neoplastic cells exhibited 2 + or 3+ staining intensity. 4 P-ERK1/2, MYC, and p-STAT3 staining was considered positive if ≥ 5% of neoplastic cells were positive, as described previously. 5 Statistical analysis was performed using Graphpad Prism (Graphpad Software, La Jolla, CA, USA).
Results
Immunohistochemical staining for EZH2 was first performed on a range of histiocytic and dendritic cell neoplasms and benign histiocytic diseases; the results are summarized in Table 1 , with representative results shown in Figure 1 . In 65 cases of histiocytic and dendritic cell neoplasms studied, including 12 cases of blastic plasmacytoid dendritic cell neoplasm, 17 cases of histiocytic sarcoma, 15 cases of follicular dendritic cell sarcoma, 16 cases of Langerhans cell histiocytosis, and 5 cases of interdigitating dendritic cell sarcoma, 37/65 cases (57%), showed overexpression of EZH2. The majority of cases studied in all disease categories showed overexpression of EZH2, ranging from 56% of Langerhans cell histiocytosis cases to 67% of follicular dendritic cell sarcoma cases, with the exception of blastic plasmacytoid dendritic cell neoplasm, which was positive for EZH2 in a minority of cases (41%; Table 1 and Figure 1 ). Neoplastic cell positivity in EZH2-positive cases ranged from 67 to 81%, averaging 70% in histiocytic sarcoma, 75% in follicular dendritic cell sarcoma, 67% in Langerhans cell histiocytosis, 71% in interdigitating dendritic cell sarcoma, and 81% in blastic plasmacytoid dendritic cell neoplasm. In cases that did not overexpress EZH2, staining ranged from o 5 to 40% of neoplastic cells. In contrast, all nine cases of benign histiocytic diseases, including six cases of sinus histiocytosis with massive lymphadenopathy and three cases of juvenile xanthogranuloma, did not show EZH2 expression ( Figure 1 ). Normal cellular counterparts of histiocytic and dendritic cell neoplasms in reactive lymphoid tissue, including follicular dendritic cells, interdigitating dendritic cells, and macrophages, did not exhibit significant EZH2 expression, nor did Langerhans cells in oral squamous mucosa (data not shown).
We were able to compare EZH2 overexpression with Ki-67 proliferation index in a subset of histiocytic sarcoma and blastic plasmacytoid dendritic cell neoplasm cases, and found that in general overexpression of EZH2 did not correlate with a high proliferation index for these neoplasms: 1/5 histiocytic sarcoma cases with EZH2 overexpression exhibited a high proliferation index, and 1/2 histiocytic sarcoma cases with low level EZH2 expression exhibited a high proliferation index; similarly, 1/5 blastic plasmacytoid dendritic cell neoplasm cases with EZH2 overexpression exhibited a high proliferation index, and 3/3 blastic plasmacytoid dendritic cell neoplasm cases with low level EZH2 expression exhibited a high proliferation index.
Immunohistochemical staining was performed for a number of signaling cascade-associated molecules that have been shown to up-regulate EZH2 expression in various neoplasms, including p-ERK1/2, MYC, and p-STAT3. We found that the majority of histiocytic and dendritic cell neoplasms in all disease categories showed strong p-ERK1/2 expression, ranging from 60% of histiocytic sarcoma and interdigitating dendritic cell sarcoma cases to 80% of follicular dendritic cell sarcoma cases, with the exception of blastic plasmacytoid dendritic cell neoplasm, which was positive for p-ERK1/2 in a minority of cases (27%; Table 1 and Figure 1 ), although the association of p-ERK1/2 expression with EZH2 expression was not statistically significant for any tumor category, except Langerhans cell histiocytosis (P = 0.03497). The percentage of positive neoplastic cells in p-ERK1/2-positive cases ranged from 63 to 73%, averaging 67% in histiocytic sarcoma, 72% in follicular dendritic cell sarcoma, 68% in Langerhans cell histiocytosis, 73% in interdigitating dendritic cell sarcoma, and 63% in blastic plasmacytoid dendritic cell neoplasm. In contrast with p-ERK1/2 expression, only a minority of cases (o 27%) showed positivity for MYC in neoplastic cells, with no staining for MYC in any Langerhans cell histiocytosis or interdigitating dendritic cell sarcoma cases. Similarly, only a minority of cases ( o 30%) showed positivity for p-STAT3, with no staining for p-STAT3 in any blastic plasmacytoid dendritic cell neoplasm or interdigitating dendritic cell sarcoma cases (Table 1 and Figure 1 ).
To further understand the intracellular signaling cascades that potentially contribute to up-regulation of EZH2, we next focused on those histiocytic and dendritic cell neoplasm cases with EZH2 overexpression to investigate the association of EZH2 expression with p-ERK1/2, MYC, and/or p-STAT3 co-expression. In follicular dendritic cell sarcoma, Langerhans cell histiocytosis, histiocytic sarcoma, and interdigitating dendritic cell sarcoma cases that overexpressed EZH2, the vast majority of cases (90%, 89%, 70%, and 100% of cases, respectively), showed co-expression of p-ERK1/2 with EZH2, in contrast to blastic plasmacytoid dendritic cell neoplasm, in which only a minority of EZH2-overexpressing cases (40%) showed co-expression of p-ERK1/2 (Table 2 and Figure 2 ). This association was statistically significant in cases of histiocytic sarcoma (P = 0.004), follicular dendritic sarcoma (P = 0.002), and Langerhans cell histiocytosis (P = 0.004). In contrast to the finding of frequent EZH2/p-ERK1/2 co-expression in these histiocytic and dendritic cell neoplasm cases, only a small percentage of cases showed MYC co-expression with EZH2 ( o 30%, except blastic plasmacytoid dendritic cell neoplasm), with no cases of Langerhans cell histiocytosis or interdigitating dendritic cell sarcoma showing EZH2/MYC co-expression (Table 2 and Figure 2) . Similarly, only a small percentage of cases showed p-STAT3 co-expression with EZH2 (o 30%, with no cases of blastic plasmacytoid dendritic cell neoplasm or interdigitating dendritic cell sarcoma showing EZH2/p-STAT3 co-expression (Table 2 and Figure 2 ).
We next focused on EZH2 overexpressing histiocytic and dendritic cell neoplasm cases to investigate how many of these cases have increased expression of more than one signaling cascade-associated molecule. In EZH2-positive histiocytic sarcoma cases, one case showed p-ERK1/2, MYC, and p-STAT3 co-expression, and one case showed p-ERK1/2 and MYC expression. In EZH2-positive follicular dendritic cell sarcoma cases, one case showed p-ERK1/2, MYC, and p-STAT3 co-expression, and two cases showed p-ERK1/2 and p-STAT3 co-expression. In EZH2-positive Langerhans cell histiocytosis cases, only one case showed p-STAT3 and p-ERK1/2 co-expression. In EZH2-positive interdigitating dendritic cell sarcoma cases, none showed any pattern of co-expression of p-ERK1/2 with p-STAT3 or MYC. These results suggest that the majority of EZH2-overexpressing histiocytic and dendritic cell neoplasms cases have associated p-ERK1/2 expression alone. Only a small number of these neoplasms exhibit expression of molecules corresponding to more than one intracellular signaling cascade that could contribute to EZH2 overexpression and tumorigenesis. Interestingly, in blastic plasmacytoid dendritic cell neoplasm, a particularly aggressive neoplasm, only a minority of EZH2-overexpressing cases exhibited p-ERK1/2 co-expression. In addition, blastic plasmacytoid dendritic cell neoplasm had the highest percentage of EZH2/MYC co-expression (40%) among histiocytic and dendritic cell neoplasms studied. None of these cases showed p-STAT3/EZH2 co-expression. 
Discussion
Histiocytic and dendritic cell neoplasms are rare, with limited data on intracellular signaling cascades that may contribute to tumorigenesis in these neoplasms. Here we report that the majority of histiocytic and dendritic cell neoplasms show overexpression of EZH2 by immunohistochemical staining, with the exception of blastic plasmacytoid dendritic cell neoplasm, in contrast with benign histiocytic diseases and normal cellular counterparts, which do not overexpress EZH2. This finding suggests that EZH2 plays a role in tumorigenesis in the majority of cases of histiocytic and dendritic neoplasms through overexpression, similar to its role in T-cell neoplasms, 4 high-grade B-cell lymphomas, 5 and non-hematologic solid tumors such as breast, colorectal, prostate, and hepatocellular carcinomas. 2 A number of intracellular signaling cascadeassociated molecules, including p-ERK1/2, MYC, and p-STAT3, have been shown to up-regulate EZH2 expression in hematologic neoplasms. Our previous work indicated that EZH2 overexpression, associated with aggressive behavior and higher proliferation rate in B-cell neoplasms, 5 appears to be regulated by different signaling cascades in different types of aggressive B-cell lymphomas. We found a high frequency of EZH2/p-ERK1/2 coexpression in diffuse large B-cell lymphoma, suggesting p-ERK1/2-related signaling of EZH2 expression in these neoplasms, and a high frequency of EZH2/MYC co-expression in Burkitt lymphoma and double hit lymphoma, suggesting MYC-related signaling of EZH2 expression in these neoplasms. 5 Similarly, in our study of T-cell lymphomas, we found that EZH2 overexpression correlated with high proliferation rate in these neoplasms, with MYC and/or p-STAT3 co-expression in subsets of T-cell lymphomas. 4 In this study, we focused on these three wellknown intracellular signaling molecules that are known to contribute to tumorigenesis and found that the majority of histiocytic and dendritic cell neoplasms cases in all disease categories showed strong p-ERK1/2 expression, with the exception of blastic plasmacytoid dendritic cell neoplasm. In contrast with p-ERK1/2 expression, only a minority of cases showed positivity for MYC or p-STAT3 in neoplastic cells. We further studied the association of these molecules with EZH2 overexpression and found that the vast majority of histiocytic and dendritic cell neoplasm cases that overexpress EZH2 showed strong co-expression of p-ERK1/2 with EZH2, with the exception of blastic plasmacytoid dendritic cell neoplasm, in which only a minority of EZH2-overexpressing cases showed coexpression of p-ERK1/2. In contrast to the finding of frequent EZH2/p-ERK1/2 co-expression in histiocytic and dendritic cell neoplasms, only a small percentage of cases showed MYC co-expression with EZH2 or p-STAT3 co-expression with EZH2. Furthermore, there were very few cases of histiocytic and dendritic cell neoplasms that showed a pattern of co-expression of more than one of these signaling molecules. These results suggest that the p-ERK1/2 signaling pathway may drive EZH2 overexpression in histiocytic and dendritic cell neoplasms (Figure 3) , with the exception of blastic plasmacytoid dendritic cell neoplasm, although this model is speculative in the absence of functional data. Interestingly, in blastic plasmacytoid dendritic cell neoplasm a minority of cases showed EZH2 overexpression, and among those cases a minority showed co-expression of p-ERK1/2. A relatively increased number of blastic plasmacytoid dendritic cell neoplasm cases showed MYC/EZH2 co-expression, suggesting a different mechanism of tumorigenesis than in other histiocytic and dendritic cell neoplasms. The MYC signaling cascade may play a role in tumorigenesis in blastic plasmacytoid dendritic cell neoplasm, similar to our findings in a subset of high-grade B-cell lymphomas. 5 A number of publications have reported the presence of T-cell receptor or immunoglobulin gene rearrangements in histiocytic and dendritic neoplasms, as well as chromosomal aberrations associated with lymphoid neoplasms, and/or a history of a preceding B-cell or T-cell lymphoproliferative disorder. 25, 26 For example, a case was recently reported of a 53-year-old man with a history of follicular lymphoma that transformed to diffuse large B-cell lymphoma, both showing the t(14;18) chromosomal translocation, who subsequently developed a histiocytic sarcoma which showed the t (14;18) chromosomal translocation characteristic of follicular lymphoma. 26 These findings suggest that B-cell or T-cell neoplasms may transdifferentiate to histiocytic and dendritic neoplasms. 25, 26 Our finding that histiocytic and dendritic cell neoplasms overexpress EZH2 with co-expression of p-ERK1/2, MYC, and/or p-STAT3, similar to our prior observations in T-cell and B-cell lymphomas, 4,5 is consistent with the close molecular relationship that has been observed between histiocytic and dendritic cell neoplasms and B-cell and T-cell lymphomas.
The mechanism of EZH2 overexpression has been extensively studied in non-hematologic and hematologic malignancies. One of the prototypic oncogenic signaling pathways, the RAS/MEK/ERK/ELK pathway, which is upregulated in many cancer cells, is linked to the overexpression of EZH2 in triplenegative and ERBB2-overexpressing subtypes of breast cancer. 27 MEK inhibitor and Elk-1 siRNA successfully blocked EZH2 mRNA and protein expression in cells from aggressive breast cancers, 28 suggesting that the p-ERK1/2 signaling cascade is upstream of EZH2 and regulates its expression. Recently we found that high-grade B-cell lymphomas, including diffuse large B-cell lymphoma, double hit lymphoma, and Burkitt lymphoma, overexpress EZH2, and that the vast majority of diffuse large B-cell lymphoma cases are positive for p-ERK1-/2, while cases of double hit lymphoma and Burkitt lymphoma show weak to negative p-ERK1/2 staining and positive staining for MYC. 5 These results suggest that the RAS/MEK/ERK/ELK pathway may preferentially up-regulate EZH2 expression in diffuse large B-cell lymphoma, compared with Burkitt lymphoma and double hit lymphoma, similar to the current findings in the majority of cases of histiocytic and dendritic cell neoplasms. Additional, in vitro studies are needed to further investigate the role of p-ERK1/2 signaling in EZH2 overexpression in histiocytic and dendritic cell neoplasms.
p-ERK1/2 activation could be the result of mutations in upstream signaling molecules such as BRAF, and, in fact, a number of studies have reported the BRAF V600E mutation in Langerhans cell histiocytosis, at an overall rate of 77/174 cases (44%; 29 − 33) . While these studies found that only a minority of other histiocytic and dendritic cell neoplasms harbor BRAF mutations, 1/18 dendritic cell sarcomas (6%), 0/6 cases of histiocytic sarcoma, and 0/3 cases of blastic plasmacytoid dendritic cell sarcoma, 29 − 33 another study found the BRAF V600E mutation in 5/8 cases of histiocytic sarcoma and 5/27 cases of follicular dendritic sarcoma, but it was not present in 7 cases of blastic plasmacytoid dendritic cell neoplasm, 1 case of interdigitating dendritic cell sarcoma, 5 cases of sinus histiocytosis with massive lymphadenopathy, and 10 cases of xanthogranuloma. 34 Another study found BRAF mutations other than V600E in 3/5 cases of histiocytic sarcoma, 35 and case reports have reported BRAF V600E in two cases of histiocytic sarcoma and two cases of interdigitating dendritic cell sarcoma. 36 − 39 MAP2K1 mutations have been reported in 11/40 cases (27.5%) of Langerhans cell histiocytosis in one study 40 and 7/21 cases (33%) in another study, 41 which were negative for the BRAF V600E mutation. These findings suggest that the BRAF V600E mutation and MAP2K1 mutations may be responsible for p-ERK1/2 activation in a subset of histiocytic and dendritic cell neoplasms.
In a previous study of Langerhans' cell histiocytosis, p-ERK1/2 expression was assessed by immunohistochemical staining of 22 cases, with variable staining. 29 The total number of cases showing at least some 2+ or greater staining, 17/22, accounted for 77% of cases studied, similar to our immunohistochemical staining findings for p-ERK1/2 in Langerhans cell histiocytosis and other histiocytic and dendritic cell neoplasms, with the exception of blastic plasmacytoid dendritic cell neoplasm. Differences in p-ERK1/2 staining in the two studies may also be due to differences in staining methodology, tissue fixation, and the fact that our cases of these rare neoplasms were collected over a number of years and included tissue from outside institutions.
MYC, an important transcription factor, cell cycle regulator, and oncogenic protein that drives EZH2 overexpression in solid tumors, is overexpressed in Burkitt lymphoma, double hit lymphoma, and some cases of diffuse large B-cell lymphoma, and correlates with high EZH2 expression in these neoplasms. 5 Only a minority of histiocytic and dendritic cell neoplasm cases studied show significant MYC positivity, and we observed minimal EZH2/MYC co-expression. These findings suggest that MYC may not have a significant role in EZH2 overexpression in histiocytic and dendritic cell neoplasms. Similarly, we found that p-STAT3, which has been show to up-regulate EZH2 expression in colorectal cancer, 42, 43 was expressed by a minority of histiocytic and dendritic cell neoplasm cases, with minimal EZH2/p-STAT3 co-expression, suggesting that it may not have a significant role in EZH2 overexpression in histiocytic and dendritic cell neoplasms.
Interestingly, in blastic plasmacytoid dendritic cell neoplasm, only a minority of cases showed EZH2 overexpression. These findings suggest that, in contrast with other histiocytic and dendritic cell neoplasms, EZH2 may not play a significant role in blastic plasmacytoid dendritic cell neoplasm oncogenesis. Attempts to understand the molecular basis for blastic plasmacytoid dendritic cell neoplasm have identified chromosomal losses, inactivation of tumor suppressor genes, activation of oncogenes, and mutations in genes encoding epigenetic regulators, including TET2, TET1, DNMT3A, IDH1, and IHD2, but not EZH2. 31 Recently, the E-box transcription factor TCF4 was identified as the master regulator of the blastic plasmacytoid dendritic cell neoplasm oncogenic program. 44 MYC was identified as a TCF4-activated gene, but not EZH2, p-ERK1/2, or p-STAT3. 38 These findings support our hypothesis that the mechanism of oncogenesis may differ in at least some cases of blastic plasmacytoid dendritic cell neoplasm compared with other histiocytic and dendritic cell neoplasms, and may be related to MYC expression.
EZH2 has been shown to play a multi-faceted role in cancer progression, functioning as an oncogenic protein through overexpression in solid tumors as well as a number of hematopoietic neoplasms and as a tumor suppressor gene in myeloid and some lymphoid neoplasms. Because of its complex role in cancer development, attempts to therapeutically target EZH2 and EZH2-mediated signaling are emerging as an important strategy for cancer treatment. Several inhibitors of enzymes controlling epigenetic modifications, such as DNA methyltransferases and histone deacetylases, have shown promising antitumor effects. 45, 46 Recently, a small molecule inhibitor of EZH2 has been developed which selectively blocks EZH2 methyltransferase activity and reduces global H3K27 methylation. 11, 12 An EZH2 inhibitor has been used in early clinical trials in patients with advanced solid tumors or relapsed/refractory diffuse large B-cell lymphoma and follicular lymphoma (Clinical trails.gov, ID:NCT01897571). Our findings suggest that the majority of histiocytic and dendritic cell neoplasms may be suitable targets for EZH2 inhibitor treatment. In addition, targeting of the p-ERK1/2 signaling pathway, which appears to upregulate EZH2 expression in histiocytic and dendritic neoplasms, is another potential strategy for the treatment of the majority of these rare malignant neoplasms.
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